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We present high energy x-ray (67keV) and neutron scattering measurements on a single crystal of 
Ki-^Li^TaOa for which the Li content (x — 0.02) is less than x c — 0.022, the critical value below which 
no structural phase transitions have been reported in zero field. While the crystal lattice does remain cubic 
down to T = 10 K under both zero-field and field-cooled (E < 4 kV/cm) conditions, the Bragg peak intensity 
changes significantly at Tc = 63 K. A strong and frequency-dependent dielectric permittivity, a defining char- 
acteristic of relaxors is observed at ambient pressure. However an extensive search for static polar nanoregions, 
which is also widely associated with relaxor materials, detected no evidence of elastic neutron diffuse scattering 
between 300 K and 10 K. Neutron inelastic scattering methods were used to characterize the transverse acoustic 
and optic phonons (TA and TO modes) near the (200) and (002) Bragg peaks. The zone center TO mode softens 
monotonically with cooling but never reaches zero energy in either zero field or in external electric fields of up 
to 4 kV/cm. These results are consistent with the behavior expected for a dipolar glass in which the local polar 
moments are frozen and exhibit no long-range order at low temperatures. 

PACS numbers: 61.05.fg, 61.05.cf, 77.80.Dj, 77.84.Dy 



I. INTRODUCTION 

A defining feature of relaxor ferroelectrics is a large and 
highly frequency-dependent dielectric permittivity that ex- 
hibits a broad peak at a temperature that is not associated with 
a long-range ordered structural phase transition. 1 Among such 
materials the lead-oxide relaxors (1 — :r)Pb(Mg 1 / 3 Nb2/ 3 )0 3 - 
xPbTi0 3 (PMN-xPT) 2 ' 3 ' 4 and (1 - x)Pb(Zn 1/3 Nb 2/3 )0 3 - 
a;PbTi0 3 (PZN-xPT) 5 ^ have attracted the greatest attention 
because of the enormous potential they possess for use in de- 
vice applications and because of the interesting scientific chal- 
lenges they present to researchers attempting to understand 
the physics of systems in which order and disorder coexist 
and compete. Random fields arising from the heterovalent 
cations located on the perovskite B-sites are believed to be 
a seminal ingredient that underlies the properties of relax- 
ors^ At the same time, KTa0 3 , a perovskite compound that 
is known as an "incipient" ferroelectric because it does not 
undergo a ferroelectric transition in zero field 8 even though 
the transverse optic (TO) phonon mode softens substantially 
at low temperature 9 , has long been of interest to scientists be- 
cause the material properties can be changed dramatically by 
adding very small amounts of impurities. The Li-doped ma- 
terial Ki-jXi^TaOs, or KLT(a;), for example, transforms to a 
tetragonal phase for Li concentrations as low as x c = 0.022 
(below this critical value no structural phase transition has 
been observed). Surprisingly, KLT(x), which contains no het- 
erovalent cations and thus has comparatively little to no ran- 
dom fields, has also been reported to exhibit dielectric proper- 
ties characteristic of relaxors for Li concentrations x > x c . 10 

KLT(a;) has been extensively characterized using dielectric 



spectroscopy, polarization hysteresis loopsr^iH Rama n 12 i 13 ' 14 , 
and hyper-Raman scattering techniques 15 . As with other 
relaxor systems the concept of polar nanoregions (PNR) 
has been invoked to explain much of the experimental data 
on KLT(a;). These PNR are nanometer-scale regions of 
randomly-oriented, local polarization that first appear at high 
temperature within the paraelectric phase 16 and give rise to 
strong, temperature-dependent diffuse scattering. However 
only a few studies have published data on the x-rayii and 
neutron diffuse scattering 18 observed in KLT(x), which rep- 
resent the most direct evidence of PNR. For KLT(0.06) and 
KLT(0.13) Yong et al. 19 found strong diffuse scattering in- 
tensity around the (110) Bragg peak in the shape of rods ex- 
tending along cubic (100) directions, but no diffuse intensity 
near (100) and (200). Wakimoto et al2& performed dielec- 
tric and neutron scattering measurements on KLT(0.05) and 
also observed the formation of PNR upon cooling to low tem- 
perature. These studies suggest that the behavior of PNR in 
KLT(x > 0.022) is similar to that reported in other relaxors 
systems such as PMN-xPT^ 3 - 4 - and PZN-xPT 5 - 6 .. But the sit- 
uation for KLT(a;) at concentrations of Li below x c remains 
unclear. 

In this paper we focus on the properties of a KLT(0.02) sin- 
gle crystal, for which the Li content lies just below the critical 
concentration. Dielectric measurements show that the tem- 
perature T m , where the real part of the dielectric permittivity 
reaches a maximum, shifts from about 60 K to 90 K as the 
measurement frequency changes from 100 Hz to 1 MHz un- 
der a pressure of 1 bar (Fig. [TJ. This behavior is believed 
to result from a relaxation process involving local Li + dipole 
moments and Li + -Li + ion pairs. A key question is whether or 
not there are local regions around these dipoles that are polar 
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and form PNR. Both high-energy x-ray and neutron scattering 
techniques have been used to look for evidence of diffuse scat- 
tering that might indicate the presence of PNR in KLT(0.02). 
But in contrast to other relaxors and KLT(a;) crystals with 
higher Li concentrations, no static diffuse scattering intensity 
is observed in this sample down to T = 10 K. This indicates 
that in KLT(x) for x < x c , the local Li moments are mostly 
isolated and do not form larger (static) PNR. 




- ■ ■ 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 




300 



Temperature (K) 

FIG. 1: Dielectric constant s' and loss-tangent tan<5 of KLT(0.02) 
measured at different frequencies under a pressure of 1 bar. 

Based on the shape of thermal diffuse scattering measured 
with high-energy x-rays, we have confirmed that the TO 
phonon polarized along (100) in this crystal is soft, which is 
consistent with the (expected) tetragonal polarization scheme 
in KLT compounds. In addition, no explicit structural changes 
in the crystal lattice structure are observed under both zero- 
field cooled (ZFC) and field-cooled (FC) conditions. How- 
ever there is an increase in the Bragg peak intensity at Tq = 
63 K, which suggests a possible lowering of crystal symmetry 
through a release of extinction. Low-energy acoustic and op- 
tic phonons were also studied with neutron inelastic scattering 
methods. The ZFC phonon behavior is very similar to that in 
the parent compound 21 and in KLT(0.05) 20 , where a softening, 
but no condensation and/or recovery, of the zone-center optic 
mode occurs. When cooled under an external electric field 



E = 4kV/cm oriented along the [001] direction, the crys- 
tal structure and energies of the TO/TA phonons are barely 
affected, whereas the intensities of long-wavelength phonons 
show interesting changes. Our results suggest that for small 
Li contents, KLT(:r) changes from an incipient ferroelectric to 
a dipolar glass, where the dipole moments are frozen locally 
without long-range ferroelectric order. 



II. EXPERIMENT 

The KLT(0.02) single crystal examined in this study has di- 
mensions 0.5 cm x 1 cm x 2 cm and was grown at Oak Ridge 
National Laboratory. The crystal structure is cubic with a 
room temperature lattice constant a = 3.992 A. The Li con- 
centration of the crystal was estimated from the amount of 
Li in the melt and then corroborated from the established re- 
lationship between the Li concentration and the peak tem- 
perature of the dielectric permittivity, investigated by dielec- 
tric spectroscopy with measurements of the real (e') and loss 
(tan<5) parts of the dielectric function. 22 The set up for dielec- 
tric measurements is the same as that described in Ref. 

Neutron scattering experiments were carried out on the cold 
neutron triple-axis spectrometer SPINS and the thermal neu- 
tron triple-axis spectrometer BT7, which are located at the 
NIST Center for Neutron Research (NCNR). Horizontal neu- 
tron beam collimations of guide-80'-S-80'-open (S=sample) 
and 50'-50'-S-40'-240' were used for the measurements on 
SPINS and BT7, respectively. All data were taken in a fixed 
final energy mode (5.0 meV for SPINS and 14.7 meV for 
BT7) using the (002) Bragg reflection from highly-oriented 
pyrolytic graphite (HOPG) crystals to monochromate the in- 
cident and scattered neutrons. During the experiments on 
SPINS a Be filter was placed before and after the sample 
to reduce the scattering from higher order reflections; a sin- 
gle HOPG filter was placed after the sample on BT7 for the 
neutron inelastic measurements. All data were taken in the 
(H0L) scattering plane defined by the vectors [100] and [001], 
and described in terms of reciprocal lattice unit (rlu), where 
1 rlu = a* = 2n/a = 1.574 A -1 . The electric field was ap- 
plied along the [001] direction during the FC measurements. 
All data were taken on cooling from 300 K to ensure that all 
residual (poling) effects were removed. 

X-ray scattering experiments were performed at beam- 
lines X17B1 and X22A located at the National Synchrotron 
Light Source (NSLS). A 67keV x-ray beam with an energy- 
resolution AE/E = 10~ 4 was produced at X17B1 using 
a sagittal-focusing double-crystal Si (311) monochromator 
with both crystals oriented in the asymmetric Laue mode. 23 
Charge coupled device (CCD) detector were used to perform 
monochromatic Laue-style measurements. In this type of con- 
figuration scattering intensities on a large part of the surface of 
the Ewald sphere can be measured simultaneously. Data were 
taken in the (HK0) and (HKK) zones. Further details about 
the x-ray diffuse scattering experimental set up are discussed 
in the paper by Xu et al.. 6 Structural measurements were also 
performed on the X22A beamline using an incident x-ray en- 
ergy of 10.7 keV and a perfect Si crystal analyzer. 



3 



m. RESULTS AND DISCUSSION 
A. Structure 

The structure of KLT(0.02) was examined using elastic 
neutron scattering and x-ray diffraction methods. As shown 
in Fig. there is no discernable change in the position or 
longitudinal width of the (200) Bragg peak between 300 K 
and 10 K. There is also no obvious difference between Bragg 
peaks measured at (200) and (002). Based on the BT7 instru- 
mental wave-vector resolution, which is AQ/Q ~5x 10~ 3 
full width at half maximum (FWHM), we can set an upper 
limit of < 0.1% on the tetragonality c/a — 1. Within this 
limit KLT(0.02) does not undergo a tetragonal lattice distor- 
tion down to T = 10 K. This is confirmed using higher res- 
olution AQ/Q ~ 3 x 10~ 4 x-ray diffraction measurements, 
with absence of change in lattice constant at the entire tem- 
perature range. However, the ZFC (200) Bragg peak inten- 
sity jumps at Tc = 63 K, as shown in the inset of Fig. [2] 
The Bragg peak intensity change is observed repeatedly un- 
der cooling and heating. This effect is quite common in ferro- 
electric systems where a release of extinction occurs when the 
system transforms to a lower symmetry phase, and a crystal 
breaks up into many domains. 7 In KLT(0.02), however, there 
is no explicit tetragonal phase. In this case the increase in the 
Bragg peak intensity at Tc — 63 K may be due to crystal im- 
perfections, which can result either from subtle shifts in the 
atomic positions in an otherwise cubic lattice, or from local 
strain/stress induced at low temperature. 

The same measurements were performed on the sample af- 
ter it was cooled in an external electric field E = 4kV/cm 
applied along [001]. Neither the width nor the intensity of the 
Bragg peaks were affected, and a same Bragg peak intensity 
increase occurs at 63 K. Thus the application of a moderate 
electric field along [001] has no discernable effect on the av- 
erage static structure of this system. 

B. Diffuse scattering 

Fig. [3] shows CCD images taken at 10 K and 300 K in the 
(HK0) zone. In this plane the diffuse scattering extends along 
the [100] or [010] direction, or both. For example, near the 
(200) Bragg peak the diffuse scattering is transverse in char- 
acter in that it extends primarily along [010], whereas the 
diffuse scattering near (210) extends along both [100] and 
[010]. These observations hold true at 10 K and 300 K and are 
qualitatively similar to those measured in other KLT(a;) sys- 
temsji2i22 However the diffuse intensities increase with tem- 
perature indicating that these measurements may be domi- 
nated by thermal diffuse scattering. 

To obtain a complete picture of the diffuse scattering in 
three dimensions we rotated the sample about [100] by 45° 
and measured diffuse scattering intensities in the (HKK) zone. 
Fig Sshows the corresponding CCD images obtained at 10K 
and 300 K. The sample was also tilted about the [011] direc- 
tion by 2° to better observe the out-of-plane components of 
the diffuse scattering (for a detailed description of this tech- 
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FIG. 2: (Color online) ZFC (200) Bragg peak scan at 300 K, ZFC and 
FC (200) and (002) Bragg peak scans at 10 K. The intensities of the 
300 K data were scaled to permit a direct comparison with those at 
10 K. The inset shows the ZFC (200) Bragg peak intensity measured 
with neutrons on BT-7 and the ZFC lattice parameters measured with 
x-rays on X22A. Uncertainties in the Bragg intensities are commen- 
surate with the scatter in the data. The error bars in the inset are ob- 
tained by least-square fitting the data with Gaussian functions. The 
solid line is a guide for the eyes. 



nique see Ref. Near (200) we observe diffuse scattering 
that extends along [011], whereas near (111) the diffuse scat- 
tering extends along both [100] and [011]. Combining these 
data with those from the (HK0) zone, we find that the dif- 
fuse scattering in KLT(0.02) forms {001} planes rather than 
rods oriented along (001). By contrast, the diffuse scatter- 
ing measured in the lead-oxide relaxor PZN forms ellipsoids 
that are extended along (110). 6 The planar geometry of the 
diffuse scattering in KLT(0.02) was confirmed after we tilted 
the sample so that the Ewald sphere was displaced even fur- 
ther from the Bragg peaks; then we could actually observe a 
splitting of the diffuse scattering intensities in the (010) and 
(001) plane, showing two almost vertical lines near (211) on 
the CCD image. Note that the diffuse scattering from all three 
planes ((100), (010), and (001)) is not always present around 
all Bragg peaks. For example, near (200) only the inten- 
sity from the (100) plane is observed while intensities in the 
(010) and (001) planes are absent. This is because the neu- 
tron (and x-ray) diffuse scattering cross section resulting from 
local atomic shifts is proportional to |Q • e| 2 , where e is the 
polarization vector. We can therefore carry out a simple po- 
larization analysis similar to that done in Ref. 6. Our analysis 
shows that the diffuse scattering intensity from {001} planes 
arises from polarizations oriented along (001), i. e. perpen- 
dicular to the planes. This indicates that the phonon mode 
polarized along (100) is soft, which is perfectly natural for a 
system that has a tetragonal ground state. By comparison, in 
the case of the lead-oxide relaxors (e. g. PMN-iPT and PZN- 
xPT) the phonon mode polarized along (110) is soft and the 
ground state is rhombohedral^l 

One disadvantage of x-ray diffuse scattering measurements 
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FIG. 3: (Color online) CCD images showing the diffuse scattering 
from KLT(0.02) measured at T = 10 K and 300 K in the (HKO) 
zone. The incident x-ray beam is oriented along [001]. 



is the lack of energy resolution; this makes it difficult to distin- 
guish dynamic contributions, e. g. phonons or dynamic PNR, 
from static contributions. There have been some report s 19 ' 20 
that the diffuse scattering in KLT(:e) for x > x c is mainly 
static, as is the case in the lead-oxide relaxors PMN-xPT 2 and 
PZN-.tPT 6 . However, in KLT(0.02) the x-ray diffuse scatter- 
ing intensity increases with temperature, which is inconsis- 
tent with the behavior observed in these other relaxor systems 
where the diffuse scattering from static PNR decreases with 
temperature. Comes and Shirane reported that phonon contri- 
butions dominate the x-ray diffuse intensity in the parent com- 
pound KTaC»3 25 , which strongly suggests that thermal diffuse 
scattering may dominate in KLT(x) samples with very low 
Li contents. In order to resolve this issue for KLT(0.02), we 
performed neutron scattering measurements using the NCNR 
SPINS spectrometer, which provided very good energy reso- 
lution (~ 0.34 me V FWHM). 

Fig. |5] shows scans of the elastic scattering intensity as 
a function of the wavevector measured on SPINS along 
[100] and [010] at 10K, 150K and 300K near the (100) 
and (110) Bragg peaks. The Bragg peaks were fit using 
resolution-limited Gaussian functions. The background is 
~ 500 counts/2 min and is nearly temperature independent 
and identical at each Bragg peak. Diffuse scattering should be 
weak and broad compared to that from the Bragg peaks, ap- 
pearing as broad tails on either side of the Bragg peak. How- 




[Oil] (b),T = 300K 



FIG. 4: (Color online) CCD images showing the diffuse scattering 
from KLT(0.02) measured at 10 K and 300 K in the (HKK) zone. 
The incident x-ray beam is oriented along [011]. 

ever, for KLT(0.02) we find that outside of both Bragg peaks 
the scattering intensity is flat and temperature independent, 
indicating the absence of any elastic diffuse scattering. 

Here we only measured diffuse scattering near (100) and 
(110) peaks. Since it is highly unlikely that diffuse scatter- 
ing structure factors are weak near both Bragg peaks, we be- 
lieve that the static diffuse scattering is extremely weak in 
KLT(0.02). These results can be compared directly to those on 
PMN measured on the same instrument near these same two 
peaks. 3 The diffuse scattering from KLT(0.02) is at least one 
to two orders of magnitude weaker. We thus conclude that the 
diffuse x-ray scattering shown in Fig.[3]and Fig.|4]is thermal 
diffuse in nature, i. e. dominated by phonons. This situation is 
quite different from that observed in other relaxor systems, as 
the diffuse scattering has been shown to be mainly elastic in 
PMN-xPT 2 ^, PZN-xPT&, and even KLT(a;) at higer Li con- 
centrations 19,20 . We also measured the elastic diffuse scatter- 
ing under an external electric field oriented along [001]. Again 
in contrast to the behavior observed in both PMN-xPT and 
PZN-xPT, no change in the diffuse scattering was observed 
up to E = 4 kV/cm. 

In KLT(a;) it is known that local Li displacements lead to 
local dipole moments. Yet despite the absence of any mea- 
surable diffuse scattering in our sample, and thus by infer- 
ence any static PNR, these local Li dipoles apparently still 
contribute to the relaxation process that leads to a strongly 



frequency-dependent dielectric permittivity. The clear dif- 
ference between KLT(0.02) and other relaxor compounds in 
which PNR are observe d 2 ' 6 ' 20 ' 27 ' 28 ' 29 is that for KLT(0.02) the 
local moments are indeed really "local," i. e. they do not po- 
larize the surrounding regions to form PNR that exceed a few 
unit cells in size. Further, no correlations between local Li 
moments are evident from our measurements. With increas- 
ing Li concentration, the effect of these local polar moments 
on the bulk system becomes stronger, as evidenced by both the 
existence of static diffuse scattering (larger PNR) and an ex- 
plicit phase transition into a low temperature tetragonal phase 
(for x > x c ). Whether these two effects are independent or 
correlated has yet to be determined. 
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FIG. 5: (Color online) Elastic scans at 10 K, 150 K and 300 K. (a), 
(b), H and K scans at (100); (c), (d), H and K scans at (110). Error 
bars represent square root of the counts. Lines are guides for the 
eyes. 



C. Phonons under electric field 

The lowest-energy TO and transverse acoustic (TA) 
phonons have been characterized near (200) and (002) using 
the BT7 thermal neutron triple-axis spectrometer. In Fig. [6] we 
plot the dispersions for the TA and TO phonons measured near 
(200) along [010] at various temperatures under ZFC condi- 
tions. From 300 K to 10 K the zone-center TO phonon clearly 
softens, but it never reaches zero energy. This behavior is very 
similar to that seen in both the parent compound KaTOa 2 ^ and 
in KLT(0.05)2£. In fact at 10 K the zone-center TO energy 
is more than 6 meV, which is higher than that (~3 meV) in 
the parent compound KTaO,3. 21 Raman measurements 12 on a 
KLT(a;) crystal with a similar Li content are consistent with 
ours for this TO phonon mode. These results clarify that the 
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FIG. 6: Dispersion of TO and TA phonons under zero field at differ- 
ent temperatures. Measurements were taken near (200) along [010]. 
The inset is a plot of (hcoo) 2 vs. temperature. Error bars are obtained 
by least-square fitting the data with Lorentzian functions. Lines are 
guides for the eyes. 



x-ray diffuse scattering intensity discussed previously arises 
from the TA phonon because the TA phonon lies lower in en- 
ergy than the TO phonon, which never drops below 6 meV. 

If we plot the soft mode energy (hui ) 2 v.s. temperature 
(see the inset to Fig.|6]l we see that (hui ) 2 decreases linearly 
with T as expected for a conventional displacive ferroelectric. 
This behavior is also observed in the lead-oxide relaxors such 
as PMN at high temperature. However, unlike the case of 
PMN, the soft mode in KLT(0.02) never recovers as the lin- 
ear decrease in (Hojo) 2 persists down to at least 10 K. This is 
consistent with the absence of a ferroelectric phase transition 
for T > and suggests that the local, polar moments freeze 
on cooling, which implies the presence of a low-temperature 
dipolar glass phase. At the same time, the energy width of the 
soft mode remains almost constant, yet larger than the instru- 
ment resolution, thus indicating a short phonon lifetime. This 
is similar to what is observed in KLT(0.05). 2l) It is thus pos- 
sible that the local dipole moments resulting from the large 
Li ionic displacements do interact with, or scatter, the soft 
mode, even though there is no clear temperature scale asso- 
ciated with this interaction. In this respect the soft mode in 
KLT(0.02) behaves quite differently from those measured in 
PMN-xPT, and PZN-xPT, where the so-called "waterfall" ef- 
fect (i. e. a wavevector-dependent broadening of the soft mode 
in energy) is observe d 30 ' 31 ' 32 and lately interpreted in terms of 
a defect model arising from chemical and valence disorder 33 . 
In our KLT(0.02) sample the Li content is relatively low; thus 
effects from chemical disorder are minimal and no "waterfall" 
effect is present. 
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Interestingly, the TA mode in KLT(0.02) behaves quite dif- 
ferently from that in KLT(0.05). 20 Unlike the more highly Li- 
doped samples, the TA phonon in our sample remains well- 
defined over the temperature range (10K to 300 K). There is 
virtually no temperature dependent change in either the dis- 
persion, lineshape, or linewidth of the TA mode. This suggests 
that the broadening of the TA mode reported in KLT(0.05) on 
cooling is very likely due to an interaction between the the TA 
mode and the polar, short-range order (PNR). It seems plausi- 
ble that as the PNR in KLT(0.05) grow larger on cooling, their 
interaction with the TA mode becomes stronger, causing a 
change of the TA phonon line width (lifetime). In KLT(0.02), 
since there is no static diffuse scattering, but only isolated lo- 
cal Li moments, the TA phonon mode remains unchanged. 

When an electric field is applied along the [001] direction, 
we observe interesting changes in the phonon behavior. As 
shown by our structural measurements, no long-range, fer- 
roelectric, tetragonal phase is induced when cooling under a 
moderate field. The phonon behavior is completely consis- 
tent with our structural results. At 10 K, the energy of the 
TA mode is unaffected by the external field, and any effect 
on the energies of the TO mode is very small (see the inset 
to Fig. 0. In other words, the FC energies of the TA and 
TO phonons remain close to the ZFC values in our sample in 
which there is no explicit low-temperature tetragonal phase. 
This finding stands in stark contrast to those measured in more 
highly doped KLT(x) samples, e. g. in KLT(0.035) 18 where a 
clear splitting of the TA mode is observed when the system 
is cooled under a [001] field and transforms into a tetragonal 
phase. Ostensibly this is because the local dipole moments in 
KLT(0.02) are frozen, thus making it very difficult to drive the 
system into a long-range-ordered ferroelectric phase with an 
external field. 

Despite the absence of a measurable change in phonon en- 
ergies under an external field there is a significant change in 
the intensities and/or lineshapes of the TA/TO phonons mea- 
sured near the (200) and (002) Bragg peaks. The intensity for 
the zone center TO mode measured near (200) increases and 
the peak becomes sharper, while near (002) the intensity of the 
TO mode decreases, and the peak becomes broader in energy. 
The difference between the intensities is as large as 50%. As 
q increases the effect appears to diminish. When q — 0.1 rlu, 
the difference in the optic modes measured near (200) and 
(002) is already tiny. At a wavevector of q = 0.2 rlu, the TA 
and TO phonons measured near (200) and (002) are very sim- 
ilar. We are puzzled, however, to note that the FC acoustic 
mode intensity near (002) increases significantly. 

These changes suggest that even though no clear evidence 
of any long-range polar order is induced with the application 
of a moderate electric field oriented along [001], a field can 
still influence the overall polar structure of the system to a 
certain extent. It is likely that an electric field can lead to an 
enhancement of the local Li dipole moments polarized along 
[001]. This will lead to a stronger interaction between these 
local dipole moments and TO phonons having the same polar- 
ization ([001]). The result is the broadening of the zone center 
TO mode measured near (002). The change in the TA phonon 
mode indicates a strong coupling between TA and TO modes 
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FIG. 7: (Color online) Constant q scans for q — 0.0, 0.1, 0.2 rlu, 
measured at 10 K. The inset shows TO phonon dispersion mea- 
surements under ZFC (open circles), FC(200) (closed circles), and 
FC(002) (diamonds) conditions. Intensity errors represent the square 
root of the counts, and error bars in the inset are obtained by least- 
square fitting the data with Lorentzian functions. Lines are guides 
for the eyes. 



in the system, similar to that in its parent system KTaOa , 
which should only be significant for small (but non-zero) q. 



IV. SUMMARY 

The strong frequency-dependent peak in the dielectric 
curve e'(u>,T) observed in KLT(0.02) would appear to jus- 
tify categorizing it with other relaxor systems. Yet unlike 
other relaxors where static PNR are easily identified by the 
presence of strong, temperature dependent diffuse scattering, 
no such scattering is observed near either the (100) and (110) 
Bragg peaks between 10 K and 300 K. The diffuse planar dif- 
fuse scattering intensities observed with x-rays are dominated 
by contributions from soft phonon modes. This makes the 
system very unique. In KLT(0.02) the PNR are either small 
in volume (i. e. isolated local Li dipole moments) or dynamic 
in nature. In fact, these local Li dipole moments dominate the 
physics in this system. 

Our structural measurements show no splitting of the main 
(200) Bragg peak in either ZFC or FC conditions. This sug- 
gests that the shape of the unit cell in KLT(0.02) remains cubic 
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down to low temperatures within the precision of our mea- 
surements (<<~ 0.1%). The change in Bragg peak intensity 
at Tc — 63 K suggests that subtle changes in the crystal do 
occur at Tc- On the other hand, although the zone center en- 
ergy of the TO phonon softens significantly with cooling, it 
does not condense at low temperature. No ferroelectric phase 
transition takes place under ZFC or FC conditions (for field 
strength up to 4 kV/cm), which is suggestive of a dipole glass 
phase in which the local moments are frozen and long-range 
polar order is not achieved. 

Interesting electric field effects have been observed in our 
neutron measurements of the TO and TA modes for small 
q < 0.20 rlu. Although electric fields of up to 4kV/cm ori- 
ented along [001] fail to induce long-range polar order, the 
same fields appear to be able to affect the Li moments such 
that long wavelength TO phonons polarized along [001] are 
more strongly scattered by the local Li moments, thus causing 
them to become broader in energy (shorter lifetimes). How- 
ever, the system remains in a dipolar glass state where the 



local Li moments are frozen and no long-range correlation be- 
tween these moments exists, as also evidenced by the absence 
of static diffuse scattering under an external field. 
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